Experimental
foam make itself an efficient host to store the active material and promote electron transfer during the charge/discharge process. Second, unlike the commonly used carbon substrates with large micro-and meso-porosity, the metallic nickel foam will not consume a large amount of electrolyte to be sufficiently wetted, which is beneficial to lower the E/S ratio and thus improve the energy density of the Li-S cell. Third, the nickel foam has a good mechanical property, which guarantees the structural integrity of the electrode during long-term cycling.
Assembly of the Li-S cells:
Li-S cells (CR2032 coin-type) were assembled inside an Ar-filled glove box with nickel-foam@carbon-shell cathodes and lithium-metal anodes separated by a polypropylene separator (Celgard 2500). 10 µL of the blank electrolyte added on the anode side was 1.85 M LiCF 3 SO 3 (Acros Organics) and 0.10 M LiNO 3 (Acros Organics) in a mixed solvent of dimethoxy ethane (DME, Acros Organics) and 1,3-dioxolane (DOL, Acros Organics) (1:1 v/v).
The catholyte used in the cathode was prepared by mixing sublimed sulfur powder (99.5%, Acros Organics) and an appropriate amount of lithium sulfide (Li 2 S, 99.9%, Acros Organics) into the blank electrolyte. It was then heated at 50°C in an Ar-filled glove box for 50 h to give 6.0 M sulfur in the form of Li 2 S 6 in the solution. The electrolyte/sulfur (E/S) ratio was controlled to be 7 (the electrolyte includes both the polysulfide catholytes and the blank electrolyte added into the anode side) in the Li-S cells. In order to investigate the effect of the nickel-foam@carbon-shell architecture, two types of control cells were assembled with the cathodes: one with the carbon shell only (carbon-shell cathodes) and the other with the nickel-foam only (nickel-foam cathodes).
Assembly of the polysulfide-trap cells:
The polysulfide-trap cells were prepared by placing the polypropylene separator -carbon paper -polypropylene separator architecture between the cathode and the lithium-metal anode. The rest of cell-assembly procedures were the same as those of making a regular Li-S coin cell. The inserted carbon paper between the two separators serves as the polysulfide-trap platform to monitor the presence of the polysulfides diffusing from the cathode region and assess the polysulfide-retention level of the specially designed cathodes, i.e., the nickel-foam@carbon-shell electrode architecture. From the deconvoluted 2p 3/2 peak of Ni, the presence of Ni 2+ at 853.8 eV in the form of NiS 2, 3 indicate the interaction between Ni and polysulfides during the discharge process. During charge, the content of Ni 2+ is lower than that during discharge, further confirming the contribution from Ni to adsorb polysulfide species and confine them on the electrode surface during discharge and to help reversible conversion to transform polysulfides to elemental sulfur during the charge process. 
